This paper presents measurements performed on a transparent gravity driven twophase loop. For this purpose a small channel thermosyphon was manufactured completely out of borosilicate glass and equipped with a 100 nm semi-transparent ITO layer as a direct current heating evaporator. Thus flow patterns could be observed in the evaporator and at the same time the total thermal resistance was calculated with the heater temperature. Influence of heat flux and filling ratio on the thermal resistance and pressure oscillations were investigated.
Introduction
Gravity driven two-phase loops (or thermosyphons) are very widespread devices the nuclear industry, solar heating, computer cooling and chemical engineering, but their use for thermal management of power electronics has been recognised only lately. However, articles on this application are becoming more and more frequent in the literature.
Thermosyphon heat-exchangers allow the use of dielectric fluids and pumpless operation and still benefit from very high heat transfer coefficients. For example Perpina et al [1] recently published an article investigating thermal cycles of thermosyphon cooled traction IGBT modules. Thermosyphons using small channels are particularly appealing for their compactness and low material and fluid use.
Although few data are available with the new dielectric fluids at the required working temperatures and channel diameters, available studies on different thermosyphon configurations are helpful to outline some trends.
An issue in such systems are the flow instabilities, in particular with small diameter channels. Garrity et al [2] have measured the flow instabilities in square mini-channel thermosyphons (1 mm) filled with HFE7100, for different heights. They concluded that static instabilities are largely influenced by the height of the condenser and stochastic variations in flow rate. Khodabandeh and Furberg [3] have studied the occurrence of instabilities as a function of the channel size. Their experimental results show that flow instabilities increase as channel size decreases. Instabilities occur both at low and very high heat fluxes, with different frequencies and amplitudes for different channel geometries. But the two largest channel diameters trigger less fluctuations.
The performances of a two-phase thermosyphon loop with a small diameter channel evaporator have been recently measured by Khodabandeh [4, 5] . The evaporator channels diameter ranged from 1.1 to 3.5 mm, but the riser had a diameter of 6.1 mm. The heat transfer coefficient was found to be strongly dependant on heat flux and the pressure drop to be adequately predicted by the homogeneous model.
The influence of the filling ratio is also a crucial parameter. Ong and Haider-EAlahi [6] investigated this effect on a R134a filled thermosyphon and found that the performances increased with the filling ratio, reaching a maximum at about 80% Abou-Ziyan et al [7] found a maximal performance at a filling ratio of 50%, also with a R134a filled thermosyphon. Furthermore they showed that vibrations could act against the boiling limit and extend the operating range of the thermosyphon. MacDonald et al [8] measured experimentally an optimum at 35% of filling ratio with refrigerant R11 in a large diameter tube two-phase thermosyphon and also showed with a numerical model that this optimum was strongly dependent on the respective lengths of the evaporator, riser and condenser. This last fact might explain why Ong and Haider-E-Alahi [6] and Abou-Ziyan et al [7] , having different evaporator, riser and condenser lengths, found different optimal filling ratios. Khazaee et al [9] have investigated the influence of filling on the behaviour of geyser boiling in a two-phase closed thermosyphon and discovered that by increasing the filling, the period of geyser boiling and the intensity of temperature oscillation increased, but when the filling becomes less than 30%, the geyser boiling disappears.
To complete this knowledge, a transparent closed loop thermosyphon with a large height over diameter ratio (> 120) was manufactured. The evolution of the heater temperature, fluid pressure and instabilities with the heat load and filling ratio were investigated, and flow patterns in the evaporator were observed.
The principle of a small channel thermosyphon is shown in Fig. 1 . In such a system working at high heat flux, several assumptions, supported by recent literature, can be made. The dominant flow pattern at low mass velocity in small diameter channels on a large vapor quality range is elongated confined bubble flow. Therefore, these elongated and confined bubbles growing in the vertical evaporator will push liquid plugs upwards towards the condenser. Thus an homogeneous flow can be assumed in a small channel thermosyphon. In this respect, a small channel thermosyphon will essentially behave like a pumped system with a very low mass flow rate. This behaviour is quite different from a large channel thermosyphon in which there is little liquid entrainment at the exit of the evaporator and only vapor reaches the condenser. On the contrary, in a small channel thermosyphon the coupling between vapor and liquid is expected to be total and the flow to be homogeneous.
Measurements and methods
The experimental setup is shown in Fig. 2 . A 2.4 mm internal diameter channel closed loop thermosyphon was manufactured completely out of borosilicate glass and equipped with a 100 nm semi-transparent ITO (Indium Titanium Oxide) layer as a direct current heating evaporator (160  electrical resistance). The working fluid was Novec649, chosen because of its low global warming potential (about 1). The loop was equipped with two valves, one at the bottom and one at the top. The bottom valve was used to measure the internal pressure. The pressure oscillations were also measured, during a period of 30 s in order to catch the minimum and maximum. The top one was used to change the filling of the loop. The electrical current was applied through two electrodes clamped on a sliver padding that was applied on a 2.5 mm long section of the ITO layer at the bottom and top of the evaporator. The temperature was measured with a type K thermocouple soldered on the top electrode (this is were the highest temperature, and hence the working limit, is expected because of dry-out). The vapor was condensed with a standard Liebig condenser. The coolant was a water-glycol mixture kept at constant temperature with a standard CPU liquid cooling unit. The mass flow of water was kept high enough so that the temperature change through the condenser is negligible. Thus the condensation occurred at constant temperature.
The total thermal resistance was calculated with the following formula: 
yielding a maximal uncertainty comprised between ± 7% and ± 27% at the highest and lowest heat flux respectively. Figure 3 shows the heat flux versus the temperature difference between the heater and coolant. The heat flux varies approximately like T 3/2 , while well known pool boiling correlations would suggest T 3 . However T starts deviating significantly from this curve at high heat flux and low filling ratios suggesting a strong influence of dry-out, which is not taken into account in pool boiling correlations. The deviation at low heat flux is probably due to the large uncertainty. Figure 4 shows the thermal conductance versus the heat flux for decreasing filling ratios. It can be seen that for fillings above 54%, U th is always increasing with q and independent of the filling. For lower fillings there is a threshold heat flux, function of the filling ratio, above which the effect of q disappears and U th remains constant. This behaviour is due to the occurrence of intermittent dry-out as shown by Agostini et al [10] . Figure 5 shows the thermal resistance versus filling ratio for increasing heat fluxes. It is merely a different representation of Fig 4. At low heat flux (< 25 kW/m 2 ), the thermal resistance is slightly increasing with the filling and strongly decreasing with increasing heat flux. At higher heat fluxes, the thermal resistance shows a minimum around 68% of filling ratio and does not depend on the heat flux at low filling ratios. The presence of a minimum is due to the competition between the evaporator, which performs better with more liquid and the condenser, which performs better with more vapor. Figure 6 shows the time averaged saturation pressure versus filling ratio for increasing heat fluxes. As expected the pressure increases with both the filling ratio and the heat flux. However, at high heat flux, the pressure versus filling shows a local minimum in the high filling ratio region. This distinctive shape is very similar to the characteristic pump curve that explains Ledinegg instabilities shown in Fig. 7 . In the present case increasing the filling ratio leads to a flow rate increase for a given heat flux. Thus the presence of this local minimum in the pressure curve might be explained by Ledinegg instabilities. This is confirmed by the fact that the measured pressure is not constant and undergoes severe and periodic oscillations during the thermosyphon operation, up to ± 13% of the absolute pressure. These were recorded and are shown on Fig. 8 . The pressure oscillations increase with the heat flux, which is consistent with previous literature observations. The influence of the filling ratio is more surprising. At high heat flux in particular, the pressure fluctuations seem to show a peak at around 68% filling, which corresponds to the filling ratio found at the minimum of the thermal resistance. Figure 3 shows the different flow patterns that were observed through the semitransparent ITO layer of the evaporator during this experimental campaign. They are arranged from (a) to (i) in increasing heat flux order, for various filling ratios. 
Analysis of measurements

Conclusions
A transparent closed loop two-phase thermosyphon was built with a large height over diameter ratio. The total thermal resistance, saturation pressure and pressure oscillations were measured for various heat fluxes and filling ratios. The thermal resistance was found to exhibit a minimum with the filling ratio at about 68%, but only at high heat flux. As expected the thermal resistance is decreasing with increasing heat flux, except at low filling ratio and high heat flux were intermittent dry-out occurs and this dependency disappears. The two-phase loop was found to undergo severe pressure oscillations and a Ledinegg type pressure curve was 
